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PREFACE

The material contained in this volume covers lectures presented
at the Symposium on the State of High Energy Physics, which was part

. of the third annual U.S. Summer School on High Energy Particle
Accelerators, held at Brookhaven National Laboratory (BNL) and the

~ State University of New York at Stony Brook (SUNY), July 6-16, 1983.
The school, sponsored by the Department of Energy (DOE) and the Na-
tional Science Foundation (NSF), is one of a continuing series of such
schools organized at different high energy physics laboratories across
the country. Past and planned schools are:

- Fermilab July 13-24, 1981
LHgib SLAC August 2-13, 1982
BNL/SUNY - July 6-16, 1983

: Fermilab August 13-24, 1984

o 7 SLAC _uJuly 15-265 1985

- 'Although the school symposium was held in July, 1983, much of the
~ material has been updated, - Thus, this review substantially represents

a picture of high energy physics as it currently exists with a flavor
- of the 1983 viewpoint.

. This third summer school was planned by an organizing committee
consisting of M. Month (BNL, Chairman), J.D. Bjorken (Fermilab),

H. Grunder (DOE/LBL), V.W. Hughes (Yale), F.R. Huson (Fermilab),

B, McDaniel (Cornell), C. Pellegrini (BNL), B. Richter (SLAC),

R. Schwitters (Harvard/Fermilab), and R.R. Wilson (Columbia).

P.J. Reardon (BNL) served as the local school director, and, with

P. Dahl as his deputy, had .the responsibility for administering the

school. N.P, Samios, BNL Director, hosted the school and

significantly contributed to its success.

' The purpose of these schools derives from a recommendation made
by a subpanel of the High Energy Physics Advisory Panel (HEPAP) that
convened in 1979-1980 in order to assess the current state of accelera-
tor R&D. The subpanel issued a strong appeal to the high energy phys-
ics community to attempt to encourage a greater number of scientists
and students to work in the field of high energy particle accelerators.
These national summer schools constitute one response to that appeal.

. Indeed, it is the main purpose of the school to attract scientists and
- students and to enhance their education in accelerator physics.
Ty out its mission, the school is guided in its operation
owing objectives: (i) to. present in a thorough and up-to-
e manner the entire spectrum of knowledge pertaining to particle
elerators; (ii) to help in the training of scientists who plan to
- work in accelerator physics, thereby building a base of particle accel-
erator specialists in this country; (iii) to encourage development of
- accelerator physics programs in American universities by providing
text materials and training for the potential faculty of such pro-
grams; and (iv) to foster a more extensive dialogue between
accelerator physicists and scientists and engineers working in parti-
cle physics and other accelerator-based 'sc:i.em:es.i . Success in achieving




these goals could be an important factor in continuing the advances
in accelerator development necessary for a vigorous program in
high energy physics and other sciences.

Each year the school produces a volume of its proceedings
structured so that it can be read as a comprehensive textbook on accel-
erator physics and technology. The text for the 1983 BNL/SUNY school
;pp?ara as Volume 127 of the American Institute of Physics Conference

eries.

The field of accelerator physics and technology finds a place
within the larger scientific enterprise of high energy physics. This
high energy physics endeavor is an exciting adventure, probing the ul-
timate mysteries of physical nature; and to attempt to put this into
perspective, the school offers an annual Symposium on the State of
High Energy Physics, of which this volume represents the proceedings.
The Symposium in general consists of a series of seminars on a broad
range of subjects such as developments in particle theory and
experiments, detector development, the nature and operation of high
energy physics laboratories, and the status of ongoing and planned
future projects. This provides a picture of the broad cultural frame-
work of h1gh energy physies within which the field of particle acceler-
ators coexists. The general theme for the 1983 BNL/SUNY Symposium is
related to the very large colliders envisioned by the scientific commu-
n1ty and prompted by the current predictions of exciting new physics
in the few-TeV energy region. The Symposium included a Round Table on
an Ultrahigh Energy Collider, chnxred by G.-A. Voss, with the follow-
ing agenda:

Particle Physics of Multi-TeV J.D. Bjorken, Fermilab
Collisions

Accelerator Technology for a M. Tigner, Cormell
Multi-TeV Collider

Experiments at Multi-TeV Energies C. Rubbia, CERN/Harvard

Prospects of an Ultrahigh Energy N.D. Pewitt, Office of
Collider: A View from Sci. & Tech. Policy
Washington i

Planning for a Super Collider P.J. Reardon, BNL

These proceedings of the Symposium are the second in a series
entitled The State of High Energy Physics, the first being AIP
Conference Proceed1nga 92 (Ferm1lab, 19815

Part1c1patxon in the school, in terms of both lecturers and
students, continues to be excellent. As anticipated, the major U.S.
high energy physics laboratories (SLAC, Fermilab, and BNL) provide
about 50% of the students. There have been efforts to improve univer-
sity and foreign participation, primarily by greater interaction be-
tween the school, on the one hand, and U.S. universities and foreign
institutions, on the other. Among other features, the follow1ng par-
ticipation table shows the success that has been achieved in raising

_the university and foreign participation, and indeed it shows a strik-
ing increase in attendance in 1984,




Participation in Summer Schools

Source of 1981 1982 1983 1984
- Students Fermilab SLAC BNL/SUNY Fermilab
Major HEP labs, U.S. 65 92 78 9%
Mvgu:.txu, u,8. 32 14 37 55
St oo 24 17 15
Foreign 10 19 16 31
Total students 120 149 148 195
Total lecturers 24 19 33 50

The school functions through an organizing committee, a school of-
fice, and a local school administration. The organizing committee
meets once or twice per year as needed, determines overall school pol-

_icy, and determines the sthool program and lecturers. The local
school administration is established each year at the institution
where the school is to take place. It coordinates and operates the
school and implements all school functions. The general administra-
tive functions of the school are carried out by a central school of-
fice located at Fermilab. This office coordinates the activities of
the organizing comnmittee, maintains a school file, and is responsible
. for collecting and reviewing the manuscripts and organizing the publi-
cation of the school text. The office also initiates and supports var-
ious activities which advance education and documentation in the field
of particle accelerators, such as the 1985 U.S,/CERN Topical Course on
. Nonlinear Dynamics, held in Sardinia, Italy, January 31 to February 5,
1985,

The past decade has proved to be one of the most fertile in the
hiatory of high energy physics, with the many great experimental
- discoveries of this period having been made possible largely by the

new generation of high energy accelerators. These new machines have

;mauy increased the maximum energy range of particle beams, and have

. thus opened a window to exciting regimes of higher particle interac-

- tion energies. This has culminated in the proton-antiproton (pp)

collider, completed more than two years ago at CERN, which has
achieved an interaction energy of 540 GeV, almost an order of magni-
tude more than in previous experiments. But still higher energies wait
to be explored. In western Europe, the CERN SppS Collider (the pf
collider at the large CERN synchrotron, the SPS) is being upgraded in
b:s lllll luminosity, the CERN LEP Project is in construction

s e'e” eollilionn at more than 200 GeV center-of-mass energy), and
the DESY HERA Project has been initiated (HERA: ep collisions at
about 30 GeV x 800 GeV beam energies). Meanwhile, in the United
States, two new colliders in the process of development stand ready to
take up the task. One is the hadron collider with colliding proton
.and antiproton beams being constructed at Fermilab (Tevatron I: pp
collisions at about 2 TeV in the center of mass); the other is the

SLAC electron-positron collider (SLC: e*e™ collisions at about 100

9




GeV in the center of mass.) Beyond this, we can imagine in the U.S.

a program of study evolving in the next decade that is backed by a
hadron-hadron collider in the multi-TeV energy range, such as the
recently proposed SSC (Superconducting Super Collider) capable of col-
lision energies up to 20 TeV x 20 TeV, and an e*e”™ collider in the
energy range of many hundreds of GeV. In addition, with an existing
SSC, one might imagine a tandem facility which could include very high
energy ep collisions or e'e” collisions in a circular storage ring
reaching perhaps % TeV in center-of-mass energy.

\ In recent years, theoretical understanding of high energy physics
has exceeded the capability of experimental physics to verify many of
the predictions of these theories. But this situation has been
suddenly turned around with unexpected rapidity. Almost unseen, the
age of the high energy hadron colliders is suddenly upon us, signalled
by the great experimental achievements of the CERN SppS Collider. In
the past two years the CERN pp collider has led to the discovery of
the vector bosons (Wt! Zo) and the top quark and has produced hints of
new phenomena. As experimentation with the new colliders opens up
unexplored energy regimes, theory must readjust continuously in order
_to conform to the rapidly unfolding physical reality emerging. This
is true for the operating colliders and will undoubtedly cantinue to .
be so for the ones just on the horizon. SR

The process of accelerator energy increase followed by new elemen-—
tary particle discoveries has been going on since the 1930s, with ac-
celerator energies increasing at the rate of about an order of magni-
tude every seven years. In the past, technological innovation. leading
to new accelerators has been at the heart of this process, with the
strong-focusing synchrotrons of today capable of achieving energies
six orders of magnitude higher than those achieved by the cyclotrons
of forty years ago. If our quest into the nature of matter is to con- -
tinue into the future, we need abundant ideas to further the advances
in technology. But to make this happen, the need above all is for new
ideas, which is a challenge that can be met only by new and younger
people entering the accelerator field. It is our hope that the summer
school will stimulate participants to think about and enter this bold
venture to conceive and build new accelerators so as to push back the
frontiers of energy. By so doing, they will join a new generation of
high energy physicists dedicated to the study of new mass regions here-
tofore impenetrable.

Melvin Month

Chairman, Organizing Committee
U.S. Summer School on

High Energy Particle Accelerators
October 1984
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HIGH ENERGY PHYSICS IN THE UNITED STATES

Melvin Month
Brookhaven National Laboratory. Upton, NY 11973

I. INTRODUCTION
A. Overview of the Field

High energy physics is the field of basic research which ad-
dresses the most fundamental questions concerning the nature of the
physical universe, i.e., the basic nature of matter, energy, space,
and time. Its objective is to find the fundamental constituents of
matter (the elementary particles) and the forces that act between
them. Recent developments in experimental and theoretical physics
point the way to an increasing understanding of the basic structure
of matter and to ‘an overall synthesis encompassing all the forces
observed in nature.

Exploration of the ultimate constituents of matter requires two
essential tools: particle beams of high enough energy and intensity
to probe the structure within the nucleons, and detectors sensitive
and complex enough to detect and decipher that structure.

The particle beams are genmerated by complex and large accelera-
tors of various types, including linear accelerators, circular acceler-
ators (synchrotrons), and colliding beam machines. The more fundamen=:-
tal the structure to be probed, the higher are the energies needed;
therefore, attempts to probe deeper into the structure of matter re-
quire new accelerator capabilities and often new accelerator
technologies. In recent years, devlepments in superconducting acceler-
ator magnets and in colliding beam technology have provided the base
for the next step in major facility development and construction.

Accelerating particles and bringing them into collision with
targets and other beams is only half the task. The other half is to
observe and distinguish the particles that emerge from these colli-
sions with particle detectors. Much ingenuity has gome into the
conception, development, and fabrication of these devices that can
simultaneously register the passage of many subatomic particles
traveling at essentially the speed of light, recognize their nature,
and measure their energy and other properties.

Particle detectors have come to have a highly sophisticated set
of capabilities due to the rapid development of electronics and other
technology developments in recent years. Conversely, R and D to meet
detector requirements has contributed to developments in a variety of
technologies. This process, in response to the increasingly stringent
requirements of experimentation at higher emergies, has resulted in
great improvements in precision and sensitivity and given rise to the
modern detector, a large, complex multicomponent instrument.

The increased detector capability coupled with the higher energy
and intensity of accelerator beams has resulted in massive amounts of



data for analysis, which is done with powerful computers. Some com-
puters are integrated into the detectors and are used to control the
apparatus and to analyze data in real time in order to provide rapid
feedback of results to guide the conduct of the experiment. Theoreti-
cal physicists and accelerator physicists have also come to rely on
computers for the complex calculations needed to solve forefront theo-
retical problems and to simulate the properties of accelerators under
design.

B. Planning for the U.S. High Energy Physics Program

High energy physics research is dependent on large complex
particle accelerators, colliding beams, and detector facilities, and
requires long lead times for planning and implementing intricate ex-
periments and for designing and constructing advanced facilities.
Typically, the time from the original concept for an experiment to
the publication of results is 3 to 6 yea¥s and the time from conceptual
design to operation for a major fagidity is 5 to 10 years or more. In
an endeavor with such long lead times effective long-range planning is
essential. High energy physics has a long record of efficient long-
range planning. Since 1967 planning for the U.S. High Energy Physics
Program has benefited substantially from advice from the High Energy
Physics Advisory Panel (HEPAP) and its subpanels. Figure 1 indicates
the role of the Department of Energy (DOE) as the lead agency responsi-
ble for this Program.

Institutionally, the program structure has at its core the large
national accelerator laboratories (BNL, Fermilab, and SLAC managed
by DOE and Cornell by NSF). Experimental support for the High Energy
Physics Program is provided by 120 groups from 64 universities and
laboratories with DOE funding and by 90 groups from 52 institutions
with NSF funding; theoretical expertise derives form 57 DOE funded

LEAD AGENCY RESPONSIBILITY

PLANNING FOR ADVICE FROM
NATIONAL PROGRAM HIGH ENERGY PHYSICS
ADVISORY PANEL

Figure 1. The role of the Department of Energy as the lead agency re-
sponsible for the U.S. High Energy Physics Program. The other U.S.
government agency responsible for support to High Energy Physics is
the National Science Foundation (NSF).



universities and laboratories and 47 NSF funded institutions. The

DOE management of the program is governed by a program philosophy

which can be summarized as follows:

* 1Ideas and proposals are generated by scientists in the field.

* The agency, with input from the field, establishes policy, plans,
and budgets.

» The agency provides funding allocations and general guidance to
the field.

* The laboratory management or university principal investigator is
entrusted with the responsibility for the day-to-day detailed
management of the program.

* The agency reviews and monitors progress and takes corrective
action where appropriate.

The annual budget process by which funds get allocated is a
rather elaborate one, beginning with proposals from the field and
culminating in a funding decision process involving the Congress,
the Office of Managment and Budget (OMB), and the Department of
Energy (DOE).

Within the DOE, the Division of High Energy Physics (DHEP)
first puts together a proposed High Energy Physics budget. This
budget then moves to the Office of High Energy and Nuclear Physics
(OHENP) where it gets folded in with the Nuclear Physics Budget. As
the budget proceeds up the organizational ladder, there is negotia-
tion and budget fitting and reworking. After OHENP, the Office of
Energy Research (OER) has a budget which includes Fusion and Basic
Energy Sciences. Finally, the budget goes through the Undersecre-
tary of Energy and the Comptroller and becomes a total DOE Budget:
including other parts of the Department's concerns such as Nuclear
Energy and Nuclear Weapons. The OMB acts for the President and pulls
together from all the agencies the President's Budget, which is then
sent to the Congress. The House and the Senate each act on the
President's Budget through three committees:. the Budget Committee,
the Authorization Committee, and the Appropriation Committee. Hear-
ings are held before subcommittees of each of these in both the House
and Senate. Coming out of the hearings, House and Senate bills pro-
vide budget figures. If they differ there is a House and Senate con-
ference, and from this conference comes a joint House and Senate bill.
The bill returns to the President and with his signature it becomes
law. The bill then returns down the line essentially the same way it
~ went up, and apportionment is made at each leyel.

The government operates on a fiscal year basis. The fiscal year
begins on October 1. The budget process begins with the receipt of re-
quests from the field about 18 months before the beginning of the fis-
cal year. The DOE then sends its request to the OMB about 13 months
before the fiscal year begins. Sometime in January, the President's
Budget is released and sent to Congress about 9 months before the fis-
cal year starts. Under ideal circumstances, Congress will return the
budget bill to the President about 3 months before October 1; some-
times this doesn't happen, and no budget bill is passed into law by
the beg1nn1ng of the fiscal year. Since government operations must
continue, the government then proceeds on the basis of a continuing



